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Positive eiectrode materia, for a.Ka.ine storage battery and method of producing the same 



(54) 

(57) The present invention provides a positive elec- 
trode material for alkaline storage batteries which has 
high energy density and causes little capacity reduction 
even when a charge/discharge cycle is repeated at high 
temperatures. The positive electrode material for alka- 
line storage batteries of the present invent.on compnses 
nickel hydroxide particles and a layers of cobalt ox.de 
coating the nickel hydroxide particles. A valence of 
cobalt of the cobalt oxide is larger than 3.0. and tne 
cobalt oxide contains sodium ions or potassium ions 
inside the crystal and further fixes lithium hydrox.de or 
lithium ions. 
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Description 

BACKGROUND OF THE INVENTION 
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[0001] 

to an 



£5T««, toe recent ppM*. rt pocabte ***** 

,„an ikaline swage oahery Padreularty. a "**"»« £££ eSnie using aV«» 



storage alloy as a 
reliability. 



SET™. positive etecod. to, at«ne storage = ,es «• U jd-oJMdr-^ ^ 
0004) The positive eteolrode to alkaline storage Batter.es rs roughly .mo yp « 

LJntoet. type The torn, is produced ^■J^^S^STpST-J an aqueous sototon o. 

s c ™:rnr^^^^ 

alkaline storage battery. a . HmHo cnhprical nickel hydroxide particles having 

^nt^ above desert oonseuCiorr. toe conducive 

STJS^L^f: no, pedes, and Ihere is a limi, in ufca.ion o, toe nicKe, 

SET This is because divalent cobalt oxide cannot be completely converted into p-coba.t oxyhydroxide by the above 

Z^^pS^8-148145 (or U. S. Patent No5.629.11t) disdoses a technique of heat.ng (eroding , a 
cSL hydrSde in a positive electrode materia, in the presence of an aqueous alkaline solution and oxygen <a,0 out- 
s^eleCery thereby to convert into a cobalt oxide having a distorted crystal structure and a coba ' 
San 2 - The paTent publfcation discloses oxidation to a cobalt oxide having a va.enc e of about 2.9 and charactenst.es of 

" 001 7 Vhfalovepubncation further d,sc.oses that nicke. hydro.de particles having a coating layer of a cobatt hydrox- 
de here inafttr referred to as Co(OH) 2 -coated nickel hydroxide partic.es) are subjected to the above heating treatment 
VS^^Si hydroxide parties are prepared by using a method of stirring nicke. hydrox.de parfc.es .n 
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Ed a postova efactfoda ^^«J££££^J^ bydfoxida ™mer paificlas and ft. 
of bigb dispefsibility of tbe cobalt and bonding of the . int used i s small. 

agglomsfalion ol padiclas duo to M "^J^SSe confuting tho coaling layer on the surface ol the 
[00141 Ho».ever. tha oxidation condition of the cotaUtl alkallne slotage batteries d.selosed ,n 
active matenal particles is not satisfactory ,n tha POSM ^™£r^ TOs „ oecausa proceeding of fha oxidation of 
,„e above puMcatax and fhere sfil. ««»«™ |X£nX£ oX" fhe ambient temparature and fha concantr.- 
Iba cobalt hydroxide in tba presence of M rwdro»d.. M also on humidify and oxygon con- 

ISTS^P*^^^ 

repeated at high temperatures. -u,^ wdtaae reaches around 0.8V at high temperatures. 

P7] That is. when a battery is discharged "^^^^^tctiv^materia. particles causes discharge 
namely 40 "C. part of the cobalt oxide ""^^"^JX J ZuZ positive electrode is My to discharge 
reaction (reduction) at the end of the JJ^S^SSTl^ that the cobalt ovide has extremely high 

i^X^^^^ 5K=- — < K+ or Na+) con,ained in the 00153,1 ox,de 

may occur at the beginning of the cnargmg. ^^J^S^^^SSSmSiL^ and other reasons. That is. 
than the discharged capacity due to valence of the cobalt oxide constituting 

when a charge/discharge reaction ,s ^^^^^^ifrepeated at high temperatures, the above- 
the coating layer sHghtly ^^^^J^SS^SSS^Jl the coating layer approaches a thermody- 
mentioned phenomena are accumulated, and as a wjtn electric conductivity) while decreasmg 

f icient. which decreases the capacity. 
BRIEF SUMMARY OF THE INVENTION 

[0 0t „ An obiect o, the present invention is to ^S^„^.^^ 
lor alkaline storage batteries that <™*;^ when the charge/discharge cycle is 

having a large cobalt valence and that causes little capacry reoui. 

lithium ions. nreferably a solid solution incorporated with metallic ions 



and cycle life. 
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[0022] The cobalt oxide fixes the lithium hydroxide or lithium ions by chemical adsorption 

^^T^!^!^*^™ cobalt oxyhydroxide through air oxidation and a second 

Zi Ta^irm^e ^MSSSSS. ot the aoueous lithium hydroxy solution is 

JSTanX preferred mode of the present invention, the temperature o, the aqueous lithium hydroxide solution 

USSi ^White the novel features of the invention are set forth particularly in the appended claims, the invention bo* 
Ls to orgaS^n anS content, will be better unders,ood and appreciated. a«ong with other objects and features thereof, 
from the following detailed description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
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FIG 1 is a oraph showing discharge curves of the batteries which use active material A of the Example of the 
p!ien. insertion anTacL materia. C of the Comparative Examp.e. respectively, when charge/d.scharge ,s 

of the battels which use active materials A and B of the Examp.e of the present invention and adve matenals C 
F^a^ 

SaV^X^ng current-vo.tage curves obtained by cyc.ic vo.utammetry of active materia. C of the Com- 
parative Example. 

DETAILED DESCRIPTION OF THE INVENTION 

r00291 The positive electrode material of the present invention comprises nickel hydroxide particle and a cobalt oxide 
.ayer Lich cSttthe nickel hydroxide part.Ce. the cobalt ox.de having a cobalt valence larger than 3.0 and containing 
35 potassium ions or sodium ions inside the crystal and fixing lithium hydroxide or lithium ,ons^ a ^ inn 
rooXr ™° positive electrode materia, is produced by a f .rst step of heat.ng nickel hydrox.de particle having a coating 
aver of cobaK hydroxide in the presence of an aqueous solution o« either potassium hydrox.de or sodium hydrox.de 
whos ^^ncent"at,risL g er than 40% by weight, thereby to convert the cobalt hydroxide into r coba.t oxyhydrox.de 
r^oughToxTdation and a second step of immersing the partic.es subjected to the first step in an aqueous lithium 

^OM^ Whence concentration of the aqueous lithium hydroxide solut.on used in the second step is 0 Smo./kg or more 
L "the Serature o, the solution is within a range of from 60 to 95 °C. lithium hydroxide or .ithium ions can be fixed 
in a stable manner to the cobalt oxide constituting a coating layei ■„ teh , ma «nM 
[0032] It is considered that the lith.um ions are fixed to the cobalt oxide by being incorporated the. an to orm a sohd 

« solution and the lith.um hydroxide are fixed by chemica. adsorption onto the crystallite surface of the cobalt ox.de. The 
lithium hydroxide or lithium ions f.xed to the cobalt oxide of the coating layer have an effect of prevent.ng alkali catoon 
(K* or Na*) from departing from the cobalt ox.de or the cobalt oxide from changing its structure when the charge/d.s- 
charge of a battery is repeated at high temperatures. Consequently, it becomes possible to provide an alkaline storage 
battery which has high energy density and whose capacity hardly reduces even after a charge/d.scharge cyde is 

50 ^ttZZSZZ ESS, * the coating ,ayer ,s preferably in a range c 0,0 to 0 SO in an atomic 
ratio to cobalt If fixed less than th.s range, lithium ion fails to produce an .mproving effect on the charge-discharge cycle 
characeristics at high temperatures If fixed more than this range, it may change the crystal structure of ^ cobalt 
ox.de which results in reduced electronic conductivrty. making it impossible to have a satisfactory utilization of the active 

55 material. It is preferable for the lithium hydroxide to be fixed to the coating layer in a similar range to the lithium ion on 

[003^ b The potassium ion (K*) or sodium ion <Na') to be contained in the cobalt oxide of the coating layer is preferably 
in a range of 0.20 to 0.33 in an atomic ratio to cobalt. It is preferable tor the nickel hydroxide particle to have a mean 
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(1) Preparation ol active material particles 

I00 3 61 hydroxide parties as mother part,, es . an ^ -ena, « ^^^5 

ESS technique. That is. ^aqueous solu1.on^ .odJ^-dd. was stowjr added 

zinc sulfate in a predeterm.ned amount v«s prepared LTcr ^£ d it s^ica, niC k e | hydrox.de 

ST - Slices were ST 

22. hydroxide so,ution was ^.^^J^^SKKS 53* -dace of the nickel 

A weight of the cobait hydroxide Theobtained Co(OH) 2 -coated 

[oTweight of the Co(OH, 2 -coa,ed "j* 6 '^ by the measurement using 

nickel hydroxide particles were washed wrth ^(OHfe-coated nickel hydroxide particles thus obtamed 

a ,aser diffraction type particle s,ze MUn meter M JjJJJgJg tne observatio n using a scanning electron 
have an average particle diameter of hydroxide of the coating layer has a 

Th=^^^ 

cToH) 2 -coated nickel hydroxide particles were ^^J^^^^^^ thereby to completely dry 
scxiium hydroxide so.ution and charged lir 

The siurry was taken ^^^^^^tS^^ as above except that an aqueous sodium 

=~~===r~2s 

[o£ 2 T These active material particles A to D a., had an ind.go co.or w.th httle d.fference. 
(2) Preparation and evaluation of battery 

,0043, .n order to compare the characteristics of the above .obtained ' 

Les were prepared in the fo.lowing procedure ^^-^^^S^ <* and 3 tNckneSS 

to D so as to make active materia. paste^ A e° r0 ^/°^ £. sub strate was dried in a drier 

SiSSSS?— Positive e.ectro£ J ^^Xa^ e,ectrode of a hydrogen 
[0044] These four kinds of nickel pos.t.ve electrodes were each "™ * J electrolyte mainly com- 

temperature cycle life were evaluated. 
(l)Utilization 

[0045, A. 20 -C. each of the above batteries was charged at a charge rate of 0.1 CmA for 15 hours and then dis- 
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measured. The capacity of the battery thus^ measure °. "™ - ° u y electrode by the electric capacity 

positive electrode material. 



TABLE 1 
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Active material 


A 


B 


C 


D 


Utilization(%) 


105.9 


105.7 


105.8 


105.9 



xtremely high utilization. 
(2) High-temperature cycle life 

aSlMhe caiciw wS reduced. In contrast, the battery which used the positive electrode matena. A subjected to the 
^SiS^SSZ S reduction in capacity. The similar tendency was observed in the battenes which used acWe 

ToMsT' ^r^^rol^te tettery capacities change along with the charge/discharge cyc.es. the batteries 
^uJLSTS^ A and B maintainednot less than 80% of the initial capacity even after a charge/discharge 
was repeated for 500 cycles. In FIG. 2. the battery capacity at the first cycle corresponds to 100. 
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(3) Analysis of active material particles 

roosoi in order to clarify the cause of the above difference in cycle life characteristics under a high temperature con- 
^mS^SSSSSL A to D were analyzed. First of all. a predetermined amount of the act,ve ma ena. part,- 
ces A to D waTcomp Si dissolved in an acid so as to conduct an ICP emission spectra, ana.ys.s. thereby to measure 
an amlt^n a^Kali cafion (K*. Na*. and Li*) contained in the cobait compound constituting 

result the active material particles C and D subjected only to the first step conta.ned about 20 of K or Na when ne 
molar amount of the cobaTatom of the coating .ayer was 100. Although ^^^Xe"^^ 
active material particles A and B subjected to the second step were not so different from those of the active materials 
C and D.?was^med that about 30 of Li* existed when the molar amount of the cobalt atom of the coa.ng .ayer ,s 
100. These analysis results are shown in Table 2. 

TABLE 2 



55 



Activ material 


A 


B 


C 


D 


Content rate of k+ 


! 21.8 




22.9 




Content rate of Na* 




22.7 




230 
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TABLE 2 (continued) 
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25 



Active material 


A 


B 


C 


D 


Content rate of Li+ 


33.1 


30.5 






These values are obtained when the molar weight of the 


cobalt of the coating layer is 100. 
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[0051] ^eres^eox^^^ 

state where the cobalt valence exceeds 3.0 and tte crystal has -^any ^e e for a 

ond step for immersing the part.c.es ELSE defecL portions inside the crystallite of the cobalt 

period of time, there is a phenomenon that Irth.um , .ons ^ ntrude mo a hydroxide performs chemical adsorpt.on on the 

was conducted under the following conditions. 

charge/discharge in combination with another positive electrode) 
Reference electrode: Hg/HgO 
Sweep condition: 

to + 350rnV (against counter electrode) on oxidation side 
to -250mV (against counter electrode) on reduction side 
300 cycles at a sweep rate of 3mV/sec. 

Ambient temperature: 40 °C 

(0053, The results of the cyclic volutammetry f a ™ 

shown in FIGS. 3 and 4. respectively. U .s f^^^^Z^ln6 the oxidation of the cobalt oxide 
oxidation current peak V observed around 00mV cor ^ Sludging »rom their potential regions. Since the 
constituting the coating .ayer of the acfve mate J^^SJJJiS^ correspond to the charge/discharge 
potential sweep rate of the test is pretty h.gh. t .s MhcuKto "Jjjjjjj^ ^ 0CC1 T en ce of reduction of cobalt 

reSrroS^ 

SE As shown in FIG. 3. no obvious changes in size o, ^^^^^ 
material partic.es A subjected to the immersing ,n an aqueous Irth.um £ J^J current peak v 

tides (second step) even after charge/d.scharge « ^^^L^ ta^y changes. This indicates that when a 
tends to shift to a rather base potential directon. the peak ^^xide constituting the coating layer of 

these were observed in experiments about acfce >^^?~^ e m-iri>1 c not subjected to the sec- 

[00551 As shown in FIG. 4. on the olhe. hand, with regard to . ^, alorlg „*„ , he procedure 
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in, ol alKali cation (K- in this case) o, water molecules ^Sa"S cation. In Set. when the active 

ato^tthe active material particles D. The results of the analysis are shown .n Table 3. 



TABLE 3 
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15 



25 



30 



35 



Active material 


C 


D 


Content rate of K + or Na + 


Initial 


22.9 


23.0 


After 300 cycles 


4.6 


3.3 


* These values are obtained when the molar weignt or tne cobalt ul 11 
coating layer 100. 



10057] From the results of these analyses, the fol.ov.ing is surmised about the cycle life characteristics at high tern- 
the battery voltage reaches around 0*V .some of the £*^^££, d ™° in lhe ^ oxide is eliminated. 

nicKsTn^Je paSS-m a coLlfhydroxide powder and boating ,h. srrn.ee of the nickel ^^'J^^** 
ZltSe uBIizino a shea. tore, or an intact force at the lime ol mechanical m,x,ng (mechanical m.xxngmethodr 
Si In^lwSTas a method ol oxidizing the Co(OH) r coated nid«l hydrox.de particles " 
SfeL ^.solution, the particles were charged in a drier equipped with mierowaye heating means and completely 
dried while supplying oxygen; however, this is not the only method to be used. 

S^Tm Sitond step, the concentration of the aqueous lithium hydroxide solution was 1 .0 mot/Kg. but me same 
IS oan SoSned as long as the concentration is O.Smol/kg or more. The temperature of theague«» Maun, 
hydroxide solution was 80 'C. but the same affects can be obtained when the temperature ,s ,n a range of 60 to 95 C. 
?he S or il«sing in the aqueous lithium hydroxide so.ut.on was 30 minutes, the time ,s not testucted to th,s con. 

S As desoribed above, lhe present .tvention makes it possMe lo provide an alkaline storage battety that main- 
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SnTe charge/discharge cyd. is repealed at high ,emperatu,es 



Claims 
1. 



10 



4. 



ms 

oxide fixes lithium hydroxide or lithium ions. 

Tne positive eledrode materia, tor a.Ka.ine storage batteries in accordance with daim , , wherein sa* coba* ox«e 
fixes said lithium hydroxide or said lithium ions by chem.cal adsorpfon. 
3 Tne positive e.edrdde materia, tor a.kaline storage batteries in accordance with claim 1. wherein said lithium ions 
* JfKi coW oxide by being incorporated therein to form a sol.d so.ut.on. 

The posfcve strode matena. tor alkaline storage batteries j-^- wHh daim 1. wherein an atomic ration 
of Mhium of said lithium hydroxide or lithium ions to cobalt .s from 0.10 to 0.50. 

25 is coated with said coating layer. 

7 A method of produdng a positive electrode materia, for alKaline storage batteries, comprising: 

ati.tstepofHe*^ 

a second step of immersing the particles in an aqueous lithium hydroxide solution. 

8 The method of producing a positive eledrode materia, for alkaline storage ^ **" 7 
Iherrn aVoncentration of said aqueous lithium hydroxide so.ut.on ,s more than 0.5 mol/kg. 

9 . The method of producing a positive eledrode materia, for alKaHne storage batter** in accordance with claim 7. 
wherein a temperature of said aqueous lithium hydrox.de solufon .s from 60 to 95 C. 

10. A method of producing a positive e.ectrode materia, for a.kaline storage batteries, comprising: 

a first step of heating nickel hydroxide partides having a coating layer ^tSn^ 

through air oxidation, and 

a second step of immersing the particles in an aqueous lithium hydroxide solution. 

so 1 1 The method of produdng a positive eledrode materia, for a.kaline storage batteries in accordance with claim 10. 
w^erTin ^^concentration of said aqueous lithium hydroxide so.ution is 0.5 mol/kg or more. 

12. Tn method of producing a positive e,edrode materia, tor alkaline storage batteries in accordance with daim 10. 
wherein the temperature of said aqueous lithium hydrox.de solution .s from 60 to 95 C. 

55 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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(57) The present invention provides a positive elec- 
trode material for alkaline storage batteries which has 
high energy density and causes little capacity Ruction 
even when a charge/discharge cycle is repeated at high 
temperatures. The positive electrode material tor alka- 
line storage batteries of the present invention comprises 
nickel hydroxide particles and a layers of cobalt ox.de 
coating the nickel hydroxide particles. A valence of 
cobalt of the cobalt oxide is larger than 3 0. and the 
cobalt oxide contains sodium ions or potassium ions 
inside the crystal and further fixes lithium hydroxide or 
lithium ions. 
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